There is no doubt that marine bacteria and other marine microorganisms, by collecting abiotic organic matter, are important in the food chain of the sea (9, 14, 17) . Most of these microorganisms may be utilized indirectly through the chain of zooplankton and micronekton, but the question arises whether they may also be digested directly by fish.
The importance of bacteria as a preliminary step in the food chain of the benthos has recently been discussed by Seki et al. (12) . Since bacterial aggregates at times may become numerous in the pelagic zone (7) , their utilization by fish would appear to be a pathway in the pelagic food chain which may be significant.
Only fragmentary studies have been done on the quantitative importance of microorganisms as food for fish. Most of the work was based on the enumeration of bacteria in the stomach and in intestinal contents (3) (4) (5) (6) 15) and only semiquantitative estimations have been given. Methods must be developed to estimate what proportion of the total nutrient for fish is due to microorganisms.
This report concerns a microbiological study made in 1968 on the gastrointestinal contents of young salmon in Saanich Inlet, Vancouver Island, Canada.
MATERIALS AND METHODS
Young salmon were seined at Patricia Bay in Saanich Inlet. Except where noted, all fish treated here were chum salmon (Oncorhynchus keta). A few samples of steelhead trout (Salmo gairdneri) and coho salmon (0. kisutch) were also available. The digestive organs of the fish were removed aseptically within 30 min of sampling. Some salmon were kept in tanks for 1 or 6 days and permitted to feed only on detrital materials and microorganisms which occur naturally in the sea water.
Samples (approximately 0.05 ml) were collected from the stomach and latter part of the intestine. The content samples were then diluted to 10 ml with autoclaved sea water. Particulate matter in the samples was agitated by a sonic oscillator (Sonogen) and then a mini-shaker for 1 (8) . The increase of carbon dioxide during the incubation was assumed to occur because of that released by the heterotrophic microorganisms in the digestive organ of salmon during the incubation. When the sea water buffer was not used as the medium, the microbial activity could not be measured because of acidic conditions in the contents of salmon stomach (pH 2.5 to 4.0). Samples kept in the presence of 0.1% toluol were employed as controls; these were treated the same as the experimental samples.
A pure culture of Vibrio sp., predominant in the sea water, was also examined for its ability to release carbon dioxide under the same conditions as the foregoing. As the released amount in all cases was measured while the bacteria were in the lag phase of growth, the amount was proportional to the incubation time within 4 hr (1, 10, 11) . Therefore, the microbial biomass of each source in the digestive tract of salmon can be compared by its ability to produce carbon dioxide.
RESULTS
The young salmon used for the investigation are summarized in Table 1 . Chiefly insects, copepods, or detritus were in their stomachs. All digestive tracts contained food, and the major food organisms were the same in the stomach and intestine of each salmon.
Total bacteria. Total bacteria enumerated in the digestive tracts are shown in Fig. 1 . The maximal quantity of bacteria was observed when insects were the chief prey.
The bacterial number associated with a unit amount of the copepods in the salmon stomachs was similar to the abundance of bacterial biomass observed on the copepods in the sea ( Table 2) . The bacterial population in most samples of salmon decreased during the stay in the digestive tract, if it is assumed that the difference in the concentration of bacterial biomass between the stomach and intestine of each salmon is due to the digestive process (i.e., chemical destruction).
When the young salmon fed on detritus, a con- Heterotrophic bacteria. Figure 2 shows the number of the heterotrophic bacterial clumps in the digestive tract of salmon. The numbers were not abundant in fish with insects as food, which contrasts with the abundant number of total bacteria (Fig. 1) . A chief reason may be that the bacterial flora on insects was terrestrial and, therefore, some groups could not be cultured by the agar poured-plate method with the marine medium.
Heterotrophic bacteria in every food also decreased slightly per unit volume of contents during its stay in the digestive tract of salmon. No stomach or intestine of the salmon examined was bacteria-free. Heterotrophic bacteria in the fish having copepods as food were nearly the same in number as those found on copepods in the sea (Table 2 ), but the concentration of the bacterial detritus in the ambient sea water was one-hundredth that concentrated in the stomach tract of salmon.
Microbial biomass as indicated by the physiological method. Figure 3 shows the viable biomass of microorganisms in the digestive tract as indicated by the carbon dioxide release method. Judging from the microbial biomass measured by this method, the viable microorganisms per unit volume were decreased. As an exceptional case, the result of insects as food indicates that microbial amounts per unit volume were more abundant in most intestinal contents than in stomach contents.
In the case where detritus was eaten by salmon, the microorganisms digested were estimated by (10) .
In this study, a trial was made to measure the microbial biomass in the digestive tracts) using not only traditional methods but also a physiological technique. The amount of carbon dioxide released by microorganisms was determined from the contents in the stomach and intestinal tracts. It was assumed that carbon dioxide is released in proportion to the microbial biomass. Although the rate of carbon dioxide release varies according to the microbial species and their physiological phase, these factors may not be significant in this study for the following reasons. The composition of microbial species was considered to be nearly the same in the digestive organ in each salmon, since the young salmon did not migrate out of one water mass (water temperature, approximately 15 C) in Patricia Bay within several hours while feeding on a given kind of food in any one period. The experimental conditions during examination of carbon dioxide release were the same for every salmon sample. From this point of view, the carbon dioxide release method may be more reliable for the examination of the microbial biomass than the methods of counting bacterial number for this kind of study.
Carbon in the detritus at Patricia Bay was estimated by the Pregl method to be approximately 40 mg/ml (12); 0.2% was calculated to be digested by the equation given in Results. This means that 0.08 mg of carbon/ml of detritus was used as food by young salmon through the form of heterotrophic microorganisms.
Although some investigators have reported bacteria-free digestive tracts (15, 18) , all the digestive tracts of salmon examined contained many bacteria. The reason might be that all the fish examined contained food in their digestive tracts.
Because the ratio of microbial biomass in the stomach to that in the intestinal contents in each salmon sample was nearly the same and because the abundance of microbial biomass was also similar at one collecting time, this result supports the hypothesis that the microorganisms in the digestive tract of fish are primarily dependent on the type of food most recently ingested.
